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LOS ALAM05 TEST ROOM RESULTS*

R. O. McFarland and J. O. Balccxnb
Lcs Alamos Nat’onal Laboratory
Los Alamos, NW Mexico !37545

ABSTRACT

Fourteen Los Almms test rooms have been
operated for several years; this paper cov-
ers operation during the winters of 1980-81
and 1981-82. Extensive data have been taken
and computer analyzed to determine perform-
ance parameters such as efficiency, solar
sayings fraction, and comfcrt Index. The
rmns are directly comparable because each
has the same net coefficient and solar col-
lecting area and thus the same load col]ec-
tor ratio. Configurations Include direct
gain, unvented Trcxnbe walls, water walls,
phase change walls, and two sunspace geomet-
ries, Strategies for reduciilg heat loss
include selective surfaces, two brands ot
“superglazlng” windows, a beet p:pe systm,
and convection-suppression baffles. Signif-
icant differences in both backup heat liid
ccnnfort are ohserved amomg the various
rooms. The results are useful, not only for
direct roun-to-rocsn canparisons, but also to
p~ovlde data for validation of crmputer sim-
ulhtior programs. Avat lability of hourly
data Is described.

1 INTRODUCTION.—

The purpose nf this paper Is to Sunnnarizp a
Iargc quantity cf results obtalued from
analysis of Los Alanms test room data taken
during th~ wlnt~rs of lWiOtll and I!IFI1-.8?.
Prcvlo~ls data have l~~mn given in W?fs. l-b.

Fourteen te$t rooms wrre operatrd throughout
thr two wlntrrs. lh~ rooms arr hunt In
~wcn sld~ hy-slrk+ palls with an il]sulaterf
wall hctuocn room as shuwm In l-lq. 1. Tho

Ilq, 1, Plan VIIW of n t,~ll(:IIl pdlr of tr<l
room{ .

general construction consists of 2 by4
frame Wdlls insulated with fiber glass with
a l-in. sheet of expanded polystyrene insu-
lation on the inside, Thus the rooms them-
selves deliberately have very low thermal
mass; the predominant mass 1s In the added
passive solar element such as a Trombe wall,
a water wall, ~r lr(ternal concrete blocks
used in direct gain.

Hith the exception of one “free-running”
Trombe wall, each room fs malntatned at or
abov~ a minimum setpoint temperature of
65°F using calibrated light bulbs as a
heat source operated on a therrrkstatic-type
control . To minlmtze the uncertainty asso-
ciated with unknown infiltration, each room
is pressurized using a small fan that intro-
duces a calibrated three air changes per
hour continuously into the space.

Oata scans are made lBII tires per hour using
a Hewlett-Packard 9t345@’-based data acquisi-
tion system. Hourly averages are computed,
recorded an tape, and then transferred to
disk compute,” storage for analysis. Approx-
imately 179 data channels are recorded ln-
cludlng thermocouples, pyranometcrs, auxll-
ia)y hcnt, and wt=ather Information.

In order to be comparable, nxsst of th~ test
ronms hav~ the same net load corfftclpnt of
76 13tu/h oF (excluding the south aperture)
an$ thu samo net projected mrea of ?.t.44
ft (45 11,.”hy 7!1 in,, np~) resulting In
lol,f/co’ll~ctor ratio (LCR) of ?6.6 Utu/ft 9
‘F d@y, lhis is a redsonahlr ICII valu~
for a cold cllmat~ Ilkr that of Lot Alarms,

TI”ST ROW CONFIGURATIONS~. _. __.-—–



MinWr of 1990-Bl

H

I 15.62-! unventvd cmcrem TrcAe wall,
29..9 ft ! , flat black.

2 15.62-f . unventeo cmcrete Trtie wall,
Y29.8 ft , ‘Berry Foil” sclect!vr surface.

E315

6

I?-in. Crfmtcommur Nil, hrry FOI1

belectfwe wrfhce.

116 Tenxor@ phase change cans (calcium chlorlde)
stbckod as an unvmted thcrnl stiragr wall,
4.6? fn, D by 6.94-fn. canfi, Berry fe!l Ielec -
t!v? Surfacr, adv~rtised lct#nt hmc . 345
Btu/c8n.

EB7 Y“ Dmble-witi sumpicc, @W1-trM 9@

eg
and 300 glirtng plan?s. Miss back
wtll md flmr.

HII

12

H

13

14

D4rt:t gafn, -st fs 10? concrete blocks
waturlng 5.62 fn. by 7.6? In. by 15,67 in, on
floor, [ H, and h wall I, [upmvd #urtace area
. 146 f!t (M Is-ko-glaIs arm rit!o . 6.2).

1S 62 (n. wwent~ cu,crmu Trdw wall , 29.8
ft~, flat black, no auntllary or forcod
vm!llatfon.

Hfntrr of 1961-82

HI S- a> lm-el ,

2 S- ms lmo-81.

EEE
SLUIIpacc w~th tlnglc 60° glazing

33 plarw, forcvd convectfm to rom O.l
the-sUt; -ter drms, Insulated ntll.

<4, Sumpace wfth ifnglo 60° glazln9
olww. tutural convectlm to roa utter

131

5

6

El

7

8

HII12

5

13

14

drms; !nsulatrd wall .

SW al Iwo-al ,

Ftq. ?. Test rwm con fig,jratlons.

1980-81 Romns 3 and 4 and also Rows 7 and M
wvro configured as pairs to represent sun-
:Jace cnnf }gurat ions md Lhu> constitute
single experiment%. Detailed descriptions of
thr rocan configurations for 1980-fll al.~ given
in Ref. 4. Note that the glazing area us~d
to ralculat~ LCR Is the nrojec:~d area, that
Is, th~ %mw al the a-pa measured In an el@-
vatton vtfw of the hulldlnq and not th~ nc-
tual collect lnrlarea. This i5 consistent
with thr corwentlon e$tal)llshed at Los Alamo%
for suntpace analysls.

J. P[RFWMANCL MEASIRES
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The “us@ful”

net load coeffi~tent, measur~<
In rtrerm~~ Room No. 13,
inside globe temperature or
650F, ~hi~hever f~ ~~ller,

ambient temperature,
c~ll-to-c~li load coefftclent
(3.5 Btu/°F h),
In%!de glob? tem!’se?ature,
I,lside globe t+mporature of
Adjacent room,
auxiliary h-at,
heat storage mast x h~at
cafyaclty,
ch.ng@ in a\?rag@ ma%s t@mPern-
tur? over th~ tinm p~rlod, and
repres~nts an hourly sumnation
ovw th~ t,w mriod.

●fflcl~ncv dock IIOt count as
uspful any h?at qre~trr tt,al,th~ !hern’cvsLat
cptpolnt of 65”F, that It, cradlt Is not
qlven for ovprl~,mllnq th~ room. lhr us?ful
●ffl[ I@ncy can b~ significantly 1P!! than
thp total ●fflclrnry (romputprl ulth 13
tnst~ad of 11) for t?tl rmm~ thal t~nd
towart! ov?rhmtln

Y’
tuch ai tho rt~rwt gatn

rllmn. Ihl{ can m tpr thp rank .~r~rlnq of
rcmm prfcvrmnc?,



The second performance masure ~ ‘}P “use-
ful” solar fraction, Fu, de fint?u

Fu ■ 1 - z[Aux]/z[L] .

This fraction is as close as one can corm,
experimentally to the conventional “solar
savings fraction” used In performance
prediction.

The third performance measure is the “dis-
comfort index,” D1, described by Carroll.a

DI =

whsre U -

E.

PT .

*ere DN -

TB -

ZlE2W1/IIWJ ,

weighting factor
-1 7 a.m. - 11 p.m.
= D.5: 11 p.m. - 7 a.m. ,
tanperature error
=0.93 TG + 0.04 TA + 2.0 - PT ,
preferred temperature
.0.91 TB -0.09 7A -D~ ,
0, 7 a.m. to 11 p.m.
4, 11 p.m. to 7 a.m.
base temperature w 72.5°F .

Units of discomfort indey are (°F)2.
Because this is a measure of discomfort, a
zero value indicates perfect comfort, and a
doublinqof 0[ indicates that a person would
be rwghly twice ds uncmnfort~ble,

4. RESULTS

Four test periods fo- 1980-81 are described
in Tables I and 11. Three test periods for
19B1-82 are describ~d in Tables II and Ill.
Results for botb w“nters are given in Table
Iv. The winter of 1980-81 was very mild
ccxnphrod with t~ical Los Alamos weather,
Werea\ the winter of 1981-B2 was more
severe and nmre typical,

A cwnputat ion of the U-val~e for Rooms 1 and
7 has been reported separately In Ref. ~,
showing a very significant reductiom in thv
effcctlve U.value for the sclectlve surface
cm Room 7 used In ccmJunctlon with both
single and cbublr glazing.

5. AVAILABILITY OF 19tWEtl DAIA——

A full s~t of hoorly data for th~ ppr!od
f)~c&nb~r 7, 1980, through March 31, 19FII, Is
Inclurkd or mfcroftch~ in RFf, t and IS
av~llnblo In UIy of sev~ral form~ frun th~
\~)18r lnrrgy Gr~p, Lo! Alamo% dat Ionfil
Iehoratory, M811 Stop K571, L05 AlmrI~,
N@W~RICO H)!r4$, (~~!I) MI?620.

confidence in the nmdels within the Los
AlanKIs Solar Group—to be sure that correla-
tions and sensitivity data that result from
annual sirmlations present an accurate per-
formance picture. Most of the validation
comparisons have not been published; hw-
ever, sorm good examples shwing the proce-
dure used are,,given in Refs. 2 and 10. Gen-
erally temperatures anmere within the test
rooms can be predicted within ●2°F on av-
erage or *8°F during extreme transients.
Auxiliary heat can be predicted within abcnlt
4g of the total heat requirement of the room
(L in theprevioys equations). This is a-
chieved withuut; adjusting model parameters.
This accuracy is deemed sufficient.

7.

1.

2.

3.

4.

5.

b.

?,

u

CONCLUS1ONS

Reasonable useful efficiencies in the
range of 20 to 40% are obtained in all of
the test rooms.

Very significant perforrunce and comfort
variations are evident amo,)g various test
rooms.

Good solar fractions (in the range of 40
to 90x+) are achieved irIthe test rmms.

A significant performance increase is
obtained with the use of a selective
surface. A direct comp~rison was made
only for Trombe walls, but earlier data
(1979-00) Indicated a similar effect for
water walls. A 40% increase in useful
efficiency is observed during 1981-82
through the u~e of a selective surface on
a double-glazed Trcnnbe wall. During
1980-81 problems with both foil adhesion
and foil quality had been noted. New
foil was Installed before 1981-82, and
data ta~en subsequently are considered to
k. rmre representative of the perform-
ance enhmcement that can be realized.
The cnhmcemnt is mre pronounced during
colder weal!,er, as expectt?d.

Trombe walls (without vents) hav~ bettpr
cranfort characteristics than the other
systems tested,

lhc wat~r wall rwm (No. 5) has consls-
t~ntly exc?l lent performance. This i>
hrcause of th combination of high .,WSS

i(63 Fltu/°F ft ) and selective
surf bcc.

The 19P081 (Tfxxorm) PCM wall has r~atnn
ably good performance hut overheat% badly.
Apparently th~ adv~rtl cd phase chang?

ipnt~ntlal (1775 Eltu/ft ) Is not being
utll12ed fffectlvely. Leaks and corro} ton
wrrr not?d in mnny of the cant.

Tho 1981 Ft? (Floardnan [nrrqv $y<t?msm)
P(M wall has th? II?s1 p?rformnco nf all
thr t~%t rnom$ and alto ha$ reasonahlr
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AWRAE DAILY MEATIER DATA FM SELECTUI PERl~S

l,m-sl

1. k. ZGJfi. 2
2. J~n. 6-Ja17.19
3. Feb. 14-FQb.27
4. Mr. 15-*.. 2e

33.3 2.9.0 51.1
31.4 22.9 42.8
4).7 21.4 54.6
39.5 28.4 W.4

1895
)464
1610
1305

!+$Y 3.4
864 3.5

1355 4.6
17L93 6.7

lW1-82
1. Jm. 12-Feb. 15
2. Feb. 16-W. 22

28.3 19.3 37.4
3a.7 29.4 49.4

38.7 m.o 49.7

1550
1301
1233

379
I364 ::;
1320 5,3.- –.” . . .

TAt!l E Ill

COff161PiATIW, LWIK SELECTED 11= PERIODS, lW1-Ei2

Other

Perlal 1: Jtnusry 12 - Febrtury 15, 1W2
Dmented W. ~ltt black.
U~vMled N, Selecllvesurface.
Hot Opratlonal .
MOL operat Ional.
Hater wI1 , ~electiwe surface, sfngle glazed.

Phase Cha~ge tubes, selectlve SUfidCt.
Tr~ wall, Quad Pane..
lr~ w~ll . i5mt M~rro+.
Direct gt!n, 3:1. darA br-.

SR as b. 1.
*AI pipe cOllectO./uter Stordge.

I
2
4
3
2
2
2

Perlcd 2: Februsry lb - Umh 22, 1982
~n’er Id I
Se m Perlal 11

2
2
2 forced ccmwct!ofito rmm on

natural convect Ion 10 ram.

2
4

3
2

2

22, IW (overlaps Period21
1-11. 14
la 2



TABLE1V

RESULTSFWI 19~-81

Useful EfficimcJ, Z

PI* P? P3 ?4

xl 39 31 27
3334293S
26m2a40
M 41 31 45

PI P2 P3

21 24 23
33 31 31

X132
m

: J?
: 34
35 : 33
23 25
2! : 21
25 ?5
37 2; 26

●PI refert to Period 1, ●tc.

Useful Solar Fraction, X

PI P7 P3 P4

72 69 51
79 63 : 71

66
z :4 : K
83 68 aa
70 u 03 70

(1%)(::) (1:) (1;).%
R[SULTSFIR IWII-B2

PI P2 PJ

26 48 42
40 57 54

S4 53
51 xl

i 62 59
51 67 63
41 % 55
28 51 45
25 39 36

47
: i 45

comfort characteristics. This 1s thought
to be associ ted with a high latent heat

1
(2330 Btu/ft ) and itnmbilftyof the
mpl.dd salt n the can. (This is consis-
tent with Bour&au ’s findinys.ll)

9. The Quad-Paoe@ glazing worked well in
conjunction with a Trombe wall. However,
the Heat Mirror@ glazing did not show
signiflcmt improvement over ordinary
drJble glazing. The advertised U-vd!~e

J
of bo h glazings is very lcM (-0.25 Btu/b
oF ft ). The difference in perform-
ance Is thought to h- ralls~d hy !h?
higher transmission of the Quad-pane”
glazlng. Ue also note that the Quad-
Pane” appllcatiw could benefit signifi-
cantly fran the use of a selective sur-
face on the Trtie wall because its lcM
U-value Is based om convection suppre$-
sllm (3 cavities), Hcuever, the Heat
MirrorQaepllcatlon would probably not
bcnrfit frcan a selectike surface on the
Trtie wall because Its Iw U-value is
based on the Icrwemlttance properties Of
thp encli,sed film, Thus the c~inatlon
of a Iow.convection. high transmtss ton
gla7ing, seiectlve sulfacc, imd water
wall, lromhe wall, or PCM wall could be
exp~cted to sh~ exceptional performance.

10. Th? heat pipe roan shows exc~llemt
perfnrmrnc~ desplt~ having only three of
th? four cxposeri units op?ratlonal. The
failure of the units IS thwght to b~ due
to freezing of lh~ small amount of water
usrd In th~ heat pipes; this rould hP
all~v Iatmt by using a dlffwent worklnq

Discmfort Index (°F)2

P1 P? P3 P4

16 23 10 13

23;;3
23

I 15
19/32

(i)

26
55f29

16

6525

(:)

10
I75/75

36
91

94[45

(::)

23;!0
13

61/!3

(5:)

PI P2 P3

I a II
I 4

1:
;: 16
10 5

: 9 5

fluid, for example. FreonQ. Performance
may benefit from the use of a selective
surface.

11. The direct gain room results are somewhat
atilguous but the following conclusions
are fairly clear.

a. Performance with night insulation, a
6:1 mass-to-glass area ratio, and
light colored surfaces is quite
good, and comfort is marginal
(Periods 1-2, 1980-81).

b. Performance w;ths:! !?{ght iflsula-
tlon, a 3:1 mass-to-glass area
ratio, and dark colored surfaces is
anmng the lowest cf all rc.ms, and
discomfort is extreme (1981-82).

The use of night Insulation ~s thought to
bc the major determinant in performance
and the higher mass-to-glass aren ratio
is thought tr be tliemjor determinant in
comfort.

The effect of color Is not clear. The
decreose In prrformnce In Period 4 com-
parrd wlih P[rlod 1 (lY130-13i)would indl
cate that the dark color reduces perform-
ance. The averagp temperature and the
mas$-toqlass area ratio are thp samr for
the two periods. Huwevcr, a slgnlfl~ ant
change In sun anqles my havf Influenced
the results,

fly contrast, thwr Is a small relatlve
perforrmncr Improvmwnt not~d h~{we~o



12.

13.

14.

8.

Periods 2 and 3 (1980-131) indicating that
the dark color helps. However, a signif-
icant change in average temperature be-
tween these two periods would also be ex-
pected to improve performance in Period 3.

The performance of the sunspace rooms in
1980-81 is ordinary, although overheating
is a problem. Presumably venting the
sunspace In fall and spring, plants in
the sunspace, rnd occupant control of
sunspace-building convective openings
would all help to mitigate overheating.
No major difference is noted between the
two configurations tested. Two expected
effects are clear in the results:

a. added sunspace mass increases com-
fort (Period 4, 1980-81), and

b. night insulation increases perform-
ance (Periods 2-3, 1980-91).

Many different variations were tested,
and we rely primarily on the validation
of simulation rmdels and the use of these
models to sort out the many differential
effects.

In 1981-82, sunspace Roms 3 and 4 were
separated. The only difference between
them was control of dir flm frcsn sun-
space to rem. Air flw is fan-forced on
a rom-tmnperature thermostat set at
75°F in Room 3 .wd through vents by
natural convection in Room 4 (both vents
have backdraft dmpers). This arrange-
ment improves performance san+at and
ccunfort greatly in Room 3 canpared with
Room 4.

Although the datd are for a very Iimlted
period quite late ir the year, the con-
vection womession scheme tr{ted in RomI
12b does IIit scan to have
formancem (Period3, 19Ll~

ACKNOWLEDGEMENTS

The authors gratefully acknow
of Stan %orp for the urlglna

imprl
-82)

●dge
de>

struct ion. md instrumentation of

bed per-

the help
gn, COn-

he test
rooms; of”Jim Hedstrcm for setup of the data
system and for routine data rrssnipulatlorr;of
Lee Dalton for day-to-day test area operation
md maintenance; of Gloria Lazarus for data
reduction; of Jo$e Tafoya, Joe Hauser, Burl
Ketchun, and Ft.I Iujan for ●lectr ical and
nwchanical work; md of Jan Srnder for word
proc~ssing and rdltlng,

10. RtFEh[NCES

1. J, 0, Balcmnb, R, D. McFarlmd, and S, U.
Moor@, “Pas\ive Testing at LOS Alamos,”

2.

3.

4.

5.

6.

7.

El.

Proceedings of the Second Natirnal
Passive Solar Conference, Fhl Tade~ phia,
~ennsylvanla. March 16-T8. 1978, vol. 2,
Pp. 662-609. ” (LA-bR-78-li58)

J. D. Balcomb, R. O. McFarland, and S. U.
Moore, “Sirrulation Analysis of Passive
Solar Heated Buildings--Canparison with
Test Room Results,” Proceedings of the
American Section ofl>tS, Annual

‘M$l~~Z’~~l~~~~;~~~~ ~~~?
vol. 1, sec. 11, pp. 1-4. (LA-LIR-77-;39)

J. C. Hyde, “Passive Test Cell Experi-
ments Ouring the Uinter of 1979-80, ” LOS
Alamos National Laboratory report
LA-9048-MS. (Septerrber 1581)

R. O. f4cFarland, “Passive Test Cell Oata
for the Solar Laboratory, Hinter
19P0-81,” Los Alatros National I.aboratory
report LL93CN3-MS. (May 1982)

E. F. Moore and R. O. McFarland, “Passive
Solar Test Modules,” Los Alanms National
Laboratory report in preparation.

U. O. Hray&nd C. R. Miles, “A Passive
Solar Retrofit SLudv for the United
States Nauy,” Proce~dings of the Sixth
National Passive Solar Conference,

tl d Oregon, September b= 1981.
(P;-ufY8i-22c0)

U, O. Uray, C. R. Miles, and C. E.
Kosiewicz, “A Passive Solar Retrofit
Study for the United Sthtes Navy,” Los
Alarms National Laboratory report
LA-9071-MS. (Novmnber 1981)

J. A. Carroll, “An Index to Quantify
Thermal Ccafort in Hems,” Proceedings of
the Fifth National Passive solar Con-
~ erst, assachusetts, ober
~19B0.

9. J. O. Balcoti, “Dynamic Measurement of
Heat Loss Coefflcjents Through Trombe
Hall Glazing Systems, ” Proceedings of the
Sixth National Passive solar Conference,
Portland. Orewn. Selltel’ltler”B-12. 1981.

1[-l

11

(LA-UR-8i-227j)

S. K, Reisfeld and D. A. Neepcr, “Solar
Fner9y Research at LA5L: October 1. 1979

Pf&rch 31, 1980,” Los Alarms Scientific
Laboratory report LA-8450-PR, (November
1980)

Luc E, Bourdeau, “Study of Two Passivr
Solar Sv$tems Containing Phase Change
Materials for Therml Stortge,”
Procecdln s of the Fifth National Passive
~ce A+erst Massachu$ekis,
ol , ;80. (LA:UR-&3-1069)


